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Archaeological waterlogged wood (WW) is one significant part of the archaeological 
resource because it provides evidence for the primary raw material used for structures, 
artifacts, and fuels throughout most of human existence. Therefore, conservation of cultural 
heritage is fundamental for conveying culture, traditions, ways of thinking and behaving to 
future generations. The preservation has an impressive impact on society from a political, 
sociological and anthropological point of view. 
Vietnam has a variety type of WWs unearthed from archaeological sites such as the 
ancient shipwrecks under the seabed in the south of Vietnam, wooden artifacts under the 
ground in the Thang Long heritage site - Hanoi, Bach Dang stake yard - Quang Ninh, and so 
on. Among them, the Thang Long Imperial Citadel site is one of the most important heritage 
sites, and it was named on the World Heritage list by UNESCO's World Heritage Committee 
in 2010. 
During the archaeological investigation, a significant proportion of wooden artifacts was 
unearthed from the Thang Long archaeological site. Some of them remain buried in-situ while 
others were salvaged from the site. These cultural properties are continually threatened by 
environmental impacts since the long-term protections are not implemented. Given the current 
condition of heritage, it is recommended that the immediate conservation treatment should be 
taken into account for preserving these artifacts. The conservation of cultural relics at Thang 
Long Imperial Citadel site, therefore, is one of the important plans put forth by the 
Government of Vietnam. 
Conservation treatment for WWs has been developed in many countries, including Japan. 
However, conservation of WWs is a quite difficult topic, especially in many newly detected 
historical, cultural heritage sites in developing country like Vietnam where both technology 
and human resource are very limited. It is necessary to be taken into consideration for further 
study and conservation to achieve the expectation of not only conservation of such kind of 
cultural relics but also on the establishment of conservation method for WWs. 
This study aimed to establish appropriate preservation technology for the WWs obtained 
from the Thang Long Imperial Citadel site, Hanoi and this is the first study on conservation of 
WWs in Vietnam.  
Chapter 1 introduced the background, objective and outline of the study. Additionally, 
the chapter also introduced conservation treatment methods currently applied to WWs.  
Chapter 2 summarizes the species identification and physicochemical properties of 15 
waterlogged hardwood samples obtained from Thang Long archaeological site. The anatomical 
features showed that those samples were belonging to 10 different genera. The measurements 
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on physical and chemical characteristics of WWs showed different levels of wood degradation. 
Chemical analysis also confirmed the degree of wood degradation. Interestingly, the 
deterioration of Erythrophleum fordii Oliv. wood was very limited even after several hundred 
years of burial. 
In Chapter 3, the natural durability of the E. fordii wood against white rot fungi was 
evaluated to elucidate the excellent state of preservation of this timber in the soil, and for 
determining appropriate procedures to conserve this timber. The characteristic of a fungi-
resistance E. fordii wood is of particular relevance to the highly-condensed lignin content as 
well as the compactness of wood fibers.  
General preservation treatment methods using PEG4000, trehalose, and feather keratin 
were examined with seven WW species (Chapter 4). The results showed that the dimensional 
stability of WWs was significantly improved after the treatments. Based on the improved 
dimensional stability of wood, shortened impregnation time, removability of chemical, and 
aesthetic results obtained from the treatment, feather keratin showed a good performance on 
average as a preservation agent and can be applied practically for Vietnamese WWs. 
In order to establish the suitable treatment conditions for Vietnamese WWs, steady-state 
diffusion coefficients of PEG4000, trehalose, and feather keratin through eight WW species 
were discussed (Chapter 5). The diffusion coefficients were strongly affected by wood species, 
the anisotropic structures of wood, and conservation agents. Based on diffusion coefficient, 
expected impregnation time for dip-diffusion treatments can be estimated. 
In Chapter 6, a new method utilizing the in-situ crosslinking reaction of the hydrophilic 
polymer to enhance recoverability of WWs from unexpected drying was developed. The 
results showed that treatment with crosslinked sodium polyacrylate (PAANa) resulted in 
excellent shape recovery of WWs after multiple drying-rewetting cycles, while the recovery 
was not complete in the untreated samples. The cross-linking PAANa treatment could be used 
to provide resistance and recovery after unexpected drying and may be used either as the 
primary conservation method or as a pretreatment in conjunction with other established 
conservation methods. Finally, in Chapter 7, the general conclusion was provided to 
summarize all the results and findings of this study. 
In conclusion, the species identification and physicochemical properties of 15 WW 
samples were examined. It is revealed that the E. fordii commonly excavated from the site is 
extremely resistant to biological degradation. This is due to condensed lignin content as well 
as the structural rigidity of this species. General preservation treatment methods using PEG, 
trehalose, and feather keratin were applied for the conservation of small WW samples. Among 
them, feather keratin exhibited high performance on average as a potential preservation 
material. It was clarified that the diffusion coefficient of preservatives depends on wood 
species, and pointed out the necessity of deciding treatment conditions for each tree species. 
Finally, a new method of protecting excavated wood from unexpected drying by utilizing the 
in-situ crosslinking reaction of the hydrophilic polymer was developed. The results of this 
study can be applied practically for the conservation of WWs in Vietnam. 
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